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INSTRUCTIONS TO CANDIDATES: 
 
 
PLEASE ANSWER ALL THE QUESTIONS. 
 
QUESTION 1  
1.1 The Gibb’s free energy functions of a solid metal and its corresponding melt can be used to 
calculate the driving force of solidification of the latter at a particular temperature T 
(undercooling ∆T).  
1.1.1. Using a free energy-temperature graph of both solid metal and its corresponding 
melt, predict qualitatively the change of the solidification temperature for the case 
where the Gibb’s free energy of the solid metal is increased by an increased number 
of excess vacancies, dislocations or other lattice defects and or the curvature of the 
solid-liquid interface.                   [4] 
1.1.2. Using a free-energy-temperature graph of both solid metal and its corresponding 
melt, predict qualitatively the change of the solidification temperature when the 
Gibb’s free energy of the melt is increased by stirring during the solidification 
process. Indeed, when a melt is stirred, the energy added from outside help 
increasing the spacing between atoms therein thus increasing the Gibb’s free energy 
of the latter.                     [4] 
1.2 The molar volumes of solid and liquid lead at the normal melting temperature of lead are, 
respectively, 18.92 and 19.47 cm
3
. Calculate the pressure which must be applied to lead in 
order to increase its melting temperature by 20°C.  
The latent heat of melting of lead is 4.81 kJmol
-1
. The melting temperature of lead is 327 °C. 
                      [6] 
1.3 The heat of formation of pearlite from austenite is ∆Hm = − 4.54 kJ mol
-1
 and the 
equilibrium temperature is T0 = 727 °C. 75 % of the driving force goes into interfacial 
energy between the two phases of pearlite. Suppose that the interfacial energy γ is 
approximately 1000 mJ m
-2
 and the molar volumes of all the phases are approximately 
Vm = 7 × 10
−6
 m
3
 mol
-1. Estimate the interlamellar spacing λ of pearlite formed at 
T1 = 660 °C.                    [10] 
    (24) 
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QUESTION 2 
The micrograph below represents the as-cast structure of a super pure aluminium specimen, etched 
(anodized) with Barker’s reagent (30 V DC, 2 min) and viewed with polarized light plus sensitive 
tint, 50 X. The dark spots are intermetallic phases. 
 
2.1 Describe what should be the substructure of the grains within this microstructure and 
elaborate on the thermodynamics grounds of its formation.              [15] 
2.2 During casting of aluminium alloys the melt is usually inoculated with an Al 3 wt% Ti alloy. 
A very fine-grained structure is obtained in this way. The reason for this effect is not well 
understood, but it has been suggested that the solidification process starts with a primary 
precipitation of Al3Ti. Part of the phase diagram of the system Al-Ti is given below. 
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Question 2 (Continued) 
Examine this hypothesis with the aid of the classical homogeneous nucleation theory and 
calculate the minimum Ti concentration required for formation of Al3Ti. Consider also the 
formation of Al3Ti at the peritectic temperature 665 °C. You may assume that the number of 
clusters of Al3Ti reaching a critical size r
*
 is nr = 1 cluster mol
-1
.            [15] 
The driving force of precipitation of Al3Ti particles in the Al melt is ∆G = - RT ln (X
L
Ti /X
L
Ti eq) [J mol
-1
], 
where R is the constant of perfect gases, T the temperature, X
L
Ti the concentration of Ti atoms in the 
undercooled (supersaturated) Al melt and X
L
Ti eq the equilibrium concentration of Ti atoms in the 
Al melt. The interfacial free energy between the Al melt and the Al3Ti grains is γSL = 90 mJ m
-2
. 
The Boltzman constant is k = 1.38 x 10
-23
 J °K
-1
. 
Aluminium data 
Molar mass = 26.98 g 
Titanium data 
Molar mass = 47.9 g 
Al3Ti data 
Density = 3700 kg m
-3
 
    (30) 
 
QUESTION 3 
Two series of unidirectional solidification experiments were performed under strong stirring 
conditions on an Al - 4.5 wt % Cu alloy. Before complete solidification, the two samples were 
water quenched each from a specific temperature. The concentration of Cu in the solid phase as 
well as the volume fraction of the solid phase prevailing therein just before quenching were 
measured. The results thus obtained are given in the table below. 
Tquenching [°C] Solute content in the solid XS [wt% Cu] Volume fraction of the solid fS 
630 0.52 0.70 
620 0.95 0.82 
3.1 Compare the experimental values of the volume fraction of the solid phase as well as the Cu 
concentration in this phase just before quenching with the values predicted with the Scheil’s 
equations.                    [12] 
3.2 Discuss the results obtained in 3.1.                   [6] 
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Question 3 (Continued) 
The phase diagram of Cu-Al is given below. 
 
    (18) 
 
QUESTION 4 
4.1 A and B components are mutually insoluble inn the solid state and form a simple binary 
eutectic system. The actual eutectic transformation occurs at X
E
A = 0.45 and TE = 970 °C. 
Given ∆H0m,A = 31.2 kJ mol
-1, ∆H0m,B = 58.160 kJ mol
-1
, Tm,A = 1418 °C, Tm,B = 1290 °C. 
Assuming that, calculate the composition and temperature of the eutectic melt. Discuss your 
results.                    [14] 
4.2 Calculate the depression of the eutectic temperature for a lamellar eutectic with λ = 0.2 µm, 
as well as the undercooling at the interface during the growth of the eutectic constituent 
from the associated liquid, if γαβ = 400 mJ m
-2
, ∆H/Vm = 800 x 10
6
 J m
-3
, TE= 605.62 °C 
                      [8] 
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Question 4 (Continued) 
4.3 It is reported that addition of Co in Al-Si alloys reduces the eutectic temperature. How does 
addition of Co affect the activity of Si in Al in this particular case? Explain and derive the 
meaning thereof in terms of microstructure.                 [8] 
    (30) 
 
QUESTION 5  
5.1. Compare the migration of low-angle and high-angle grain boundaries. Derive the 
significance thereof in the context of recovery and recrystallization of single-phase 
materials.                    [10] 
5.2. In connection with the pinning of high-angle grain-boundaries of the matrix of an alloy, 
discuss the efficiency of coherent and incoherent second-phase particles.           [10] 
5.3. In order to achieve secondary recrystallization within a once cold-worked material, why is it 
necessary to immobilize the as primary recrystallized grain boundaries?              [8] 
    (28) 
 
[130] 
